ALTHOUGH many techniques1-12 have been proposed or utilized for the semiquantitative or quantitative assessment of aortic regurgitation, the most direct approach involves measurement of the regurgitant flow by the recording of indicator concentrations from the left ventricle following injection into the aortic root. This method is theoretically valid13 and had been applied to aortic regurgitation in man12 and to experimental aortic regurgitation in dogs,14, 13 regurgitation in man by the upstream sampling method was evaluated by use of both the sudden injection and the continuous infusion techniques.
Methods
Measurements were performed in 18 patients with clinical evidence of aortic regurgitation in whom cardiac catheterization was indicated. Patients were studied in the resting steady state under mild barbiturate sedation and local procaine analgesia. A closed-tip catheter with multiple side holes (NIH), to facilitate mixing and prevenit direct ventricular injection, was placed just distal to the aortic valve through a right brachial arteriotomy. The left heart was entered by the transseptal technique, and a catheter with multiple side holes was placed in the left ventricular apex. A thin-walled 17-gauge Cournand needle was placed in the left brachial artery. The pulmonary artery was entered through a right antecubital vein. Appropriate pressures and valve gradients were measured as described elsewhere. 5 In all 18 patients regurgitant flow was measured by the continuous indicator-infusion technique. In eight patients upstream and downstream dilution curves were recorded in rapid succession with the same densitometer, and in 10 patients curves were recorded simultaneously with two densitometers. In 10 patients measurements by continuous infusion were compared with alternate measurements after sudden injection of indicator. The timing of sudden injections was random with respect to the cardiac cycle. To test the adequacy of aortic root mixing in aortic regurgitation, forward flow measurements by continuous infusion into the aortic root and brachial artery sampling were compared in seven patients with paired measurements of forward flow from sudden injection of indicator into pulmonary artery and aortic root sampling. In and 6, each measurement in each patient (observation X) is plotted against the measurement which immediately followed (observation X + 1). From these data, the calculated error of estimate at 95% confidence limits is 92% of a measurement for the sudden injection technique and 22% for the continuous infusion technique. Zierler24 has pointed out that, if flow is not constant, the sudden injection method fails to measure flow correctly while the continuous infusion method is less vulnerable to error under these circumstances. This situation is the rule rather than the exception in man in whom stroke volumes may vary with the phases of the respiratory cycle. Furthermore, variation in the length of systolic and diastolic intervals associated with the inconstant R-R interval of sinus arrhythmia or atrial fibrillation may result in striking beatto-beat differences in both the forward and regurgitant stroke volumes. In addition, the timing of sudden injection is critical for measurements of aortic regurgitation. Sudden single injections made in late systole and early diastole may result in an overestimate of backflow, while injections made in late diastole and early systole would be expected to result in an underestimate of backflow.25 For these reasons it was hypothesized that continuous indicator infusions would be superior to random sudden injections for the specific circumstances surrounding aortic regurgitation. The results of the present study confirm the difficulties arising from the variation in forward stroke volume, regurgitant stroke volume, and injection timing and demonstrate 100- radiopaque medium has no effect on left ventricular function, which is not the case.37-39 Moreover, repeated measurements are progressively hazardous. Finally, the method is difficult or impossible to apply when heart rates are rapid or rhythm irregular or when transient dysrhythmias are produced by the injection of contrast medium. The dilution technique, however, is applicable under these circumstances, provided upstream and downstream curves are recorded simultaneously.
In view of the limitations of the radiographic technics described, and of the other methods cited, we conclude that the upstream sampling method during continuous indicator infusion, because of its validity, sensitivity, excellent reproducibility, and applicability to multiple measurements during departures from the steady state, appears to be the most useful method for quantifying aortic regurgitation in man. Summary A direct and theoretically valid method for the measurement of aortic regurgitation involves the recording of indicator concentrations from the left ventricle and a downstream site during aortic root injection. However, this method has yielded erratic results when applied to man in our laboratory when using the sudden injection technique. Moreover, others have found a systematic overestimate of backflow when the sudden injection technique was compared with flowmeter measurements in dogs with experimental aortic regurgitation. If defects in the method are due primarily to a critical dependence of indicator distribution on the timing of injection or to beat-to-beat variations in the forward or regurgitant stroke volumes, these difficulties could conceivably be overcome by substituting continuous infusion of indicator for sudden single injections. Therefore, the upstream sampling method, using continuous infusion of indicator, was evaluated in 18 Regurgitant flow by the continuous infusion method ranged from 0.8 to 30.0 L/min, total flow from 3.0 to 36.0 L/min, and the regurgitant fraction of total flow from 12 to 86%. Ranking of patients by the magnitudes of regurgitant and total flow did not correspond to ranking by angiographic criteria of severity. However, an excellent correlation prevailed between angiographic grade and the regurgitant fraction of total flow, demonstrating that this variable is the most meaningful expression of severity. The correlation (0.997) between the angiographic grade and the regurgitant fraction measured by the continuous infusion technique was clearly superior to that obtained with the sudden injection technique (0.894). Mild regurgitation was equivalent to a regurgitant fraction of < 25%, moderate regurgitation to a fraction of 25 to 50%, moderately severe regurgitation to a fraction of 50 to 75% and severe regurgitation to a fraction of > 75%.
It is concluded that the upstream sampling method during continuous infusion of indicator, because of its sensitivity, reliability, applicability to multiple measurements, and validity in the presence of mitral regurgitation, is the most useful method for quantifying aortic regurgitation in man.
